Abstract Aiming to achieve heavy metal adsorption in water and soil environments, a montmorillonite rich bentonite was graft-copolymerized with chitosan, and the obtained composite material was evaluated as a metal immobilizing agent for remediating metal contaminated soil. The graft-copolymerization reaction in the composite was confirmed by scanning electron microscopy, X-ray diffraction and Fourier transform infrared spectroscopy techniques. Batch adsorption studies with varying experimental conditions, such as adsorbent amount, pH and metal concentration, were conducted to assess the metal adsorption capacity of the composite. The adsorption pattern followed the Langmuir isotherm model, and maximum monolayer capacity was 88.5, 72.9, 51.5 and 48.5 mg g -1 for Cu, Zn, Cd and Ni, respectively. Amendment of a contaminated soil with the composite enhanced the metal retention capacity by 3.4, 3.2, 4.9 and 5.6-fold for Cu, Zn, Cd and Ni, respectively, over unamended soil. The desorption percentage of metals from the composite treated soil was significantly lower than the unamended contaminated soil. The findings indicated that immobilization of heavy metals in soils could be achieved by the chitosan-bentonite, which would potentially be an inexpensive and sustainable environmental remediation technology.
Introduction
Heavy metal pollution by the discharge of metal laden effluents into the environment is one of the most serious environmental problems of modern society due to the toxic effects of metals on the ecosystem, agriculture, and human health. Removal of heavy metals from effluents before their disposal into the environment is essential since the metals are nonbiodegradable, may undergo chemical transformations and bio-magnification at different trophic levels.
Efficient, rational and economically feasible treatment technologies should be developed to overcome the issue of heavy metal pollution in the environment. Among the physico-chemical methods of heavy metal remediation, adsorption is easy to operate, and can treat waste effluents with high as well as very low metal loadings (Bolan et al. 2014; Gupta and Bhattacharya 2016) . Biopolymers such as chitosan, cellulose and starch have been tested for removal of metals from effluents with varying degree of success. Chitosan with chelating hydroxyl (-OH) and amino (-NH) functional groups has been studied extensively for the treatment of metal laden wastewaters, but the material has poor mechanical stability (Azarova et al. 2016; Zhang et al. 2016) . To overcome the weak mechanical stability, chitosan has been immobilized on an array of supporting materials (e.g., bentonite, zeolite) (Abdel et al. 2012; Liu et al. 2015; Ngah et al. 2013) . In this regard, clay minerals with metal binding sites, mechanical stability, larger surface area and low cost could be used as potential support materials for improving chitosan stability and simultaneously enhancing metal removal performance of the composite materials (El-Dib et al. 2016; Grisdanurak et al. 2012; Futalan et al. 2011; Pestov and Bratskaya 2016; Rusmin et al. 2015) .
In the recent past, significant efforts have also been extended for the remediation of metal contaminated soils. Bringing down the risk level of contaminated soils to an acceptable limit (risk-based land management practices) can be a more rational method of soil remediation than expensive ex situ and in situ treatments (Naidu 2013; Kumararaja et al. 2017) . Stabilization of heavy metals in soils by immobilizing agents can reduce the availability of metals and their risk to a desired level (Lim et al. 2016; Sarkar et al. 2012 ). Due to their low costs, waste materials have been evaluated as soil metal stabilizers in numerous studies. However, many of these materials hold low metal adsorption/immobilization capacities. Soil amendments with chelating functional groups, such as those delivered through natural polymers, are efficient for metal immobilization because of their ability to bind or complex the metal ions tightly (Etemadi et al. 2003; Kamari et al. 2011a, b; Zhang et al. 2016; Shaheen et al. 2015a; Shaheen and Rinklebe 2015; Yin et al. 2015) .
Chitosan is a biopolymer that is easily available at cheap price from seafood wastes. Similarly, clay minerals are also abundantly available in almost all the continents. The objective of this work is therefore to improve the metal binding capacity of bentonite clay by synthesizing a chitosan-bentonite composite material through graft copolymerization method, and to evaluate the potential of the synthesized material as a metal immobilizing agent in water and soil. The chitosan-bentonite composite was characterized by X-ray diffraction (XRD), Fourier transform infrared (FTIR) and scanning electron mesoscopic (SEM) techniques, and its metal (Zn, Cu, Cd and Ni) adsorption capacity was evaluated by batch studies. Adsorption-desorption studies were also done to evaluate the composite material as an amendment for the remediation of contaminated soils by metal immobilization.
Materials and methods

Materials
Chitosan of low molecular weight (50-190 kDa) was procured from Sigma Aldrich Ltd., Mumbai, India. Ammonium per sulphate, acrylic acid, acetic acid and methylenebisacrylamide were purchased from Sisco Research Laboratories Pvt Ltd, India, and used without any purification. Bentonite was purchased from Minerals Ltd., New Delhi, India. Na-bentonite was prepared by adding NaCl solution (0.25 M) dropwise to a 10% (w/v) bentonite suspension in deionized water (Kumararaja et al. 2017 O] were dissolved in deionized water to obtain stock solutions of metals (Zn, Cu, Ni and Cd) containing 1000 mg L -1 metal ions. The stock solution was diluted serially in deionized water to get the working standard solutions of metals. To evaluate the efficiency of chitosan-bentonite composite as an amendment for immobilizing metals, batch study was conducted using a metal contaminated soil. The soil was collected from agricultural fields continuously irrigated for more than 2 decades with the canal water of Bandi River, Rajasthan, India. The water was loaded with heavy metals discharged through untreated textile, tanning and electroplating effluents from the industries harbored in Pali industrial area, Rajasthan, India (Krishna and Govil 2004; Dutta and Singh 2014) . The physico-chemical properties of the contaminated soil were determined by standard methods (Table 1) .
Preparation of chitosan-g-poly(acrylic acid)-bentonite composite Chitosan-g-poly(acrylic acid)-bentonite composite was prepared using graft co-polymerization method with minor modification of what was described previously (Zhang et al. 2007) . Chitosan solution was prepared by dissolving 5 g of chitosan in 300 mL of 1% acetic acid with continuous stirring. The slurry was kept at 90°C for 5 h. After cooling to 60°C, N 2 was purged for 30 min. Aqueous solution of ammonium persulfate (APS) was added (0.94 g in 10 mL distilled water), and the reaction temperature was maintained at 60°C for 15 min. After cooling to 50°C, mixtures of 360 mL of acrylic acid, 1.198 g of N,N 0 -methylenebisacrylamide (MBA) and 4.79 g of Na-bentonite was added. The temperature was maintained at 70°C for 3 h under continuous stirring for the completion of grafting and polymerization reactions. Then the mixture was neutralized by the dropwise addition of 2 M sodium hydroxide. The completion of neutralization reaction was indicated by the appearance of a brown color. The whole procedure was done in a four-way neck reaction kettle. The final granular product was washed with distilled water, dried at 70°C, ground, sieved and desiccated to obtain the final chitosan-bentonite composite powder.
Characterization of chitosan-g-poly(acrylic acid)-bentonite composite
Cation retention capacity
Cation retention capacity of the composite was determined by Ca-Mg exchange method. The composite (200 mg) saturated with 0.25 M CaCl 2 was washed with 0.25 M MgCl 2 thrice to release the adsorbed Ca 2? . The supernatant was collected, and the volume was made up to 100 mL by distilled water. The Ca 2? concentration in the supernatant was determined by flame atomic absorption spectroscopy (ZEEnit 700, Analytic, Jena, Germany).
X-ray diffraction (XRD) analysis
XRD of the composite was performed at room temperature using Philips model PW1710 diffractometer to determine the changes in crystallinity of minerals. The diffractometer was fitted with a Cu tube (k = 1.5418 Å ), and operated at 40 kV and 20 mA. The diffractograms were collected from 3°to 35°2h at a step size of 0.1°and counting rate of 5 s per step using APD (automated powder diffraction) software. FTIR spectroscopy FTIR analyses were performed at room temperature by KBr disc method using a FTIR spectrophotometer; model SPECTRUM 1000, Perkin Elmer. KBr discs were prepared by mixing the chitosan-bentonite composite with IR grade KBr in pestle and mortar in the ratio of 1 mg composite per 100 mg of KBr. The mixture was pulverized to powder, and made into disc by a hydraulic press. The FTIR spectrum was recorded in the spectral range of 4000-600 cm -1 with a resolution of 4 cm -1 over 60 cumulative scans.
Scanning electron microscopy
To examine changes in the surface morphology of the composite, scanning electron microscopy (SEM) was used (EVO/MA10, CARL ZEISS Instruments). Prior to analysis the composite was coated with palladium in vacuum (10 -3 Torr).
Batch adsorption and desorption experiments in water and soil
The metal adsorption capacity of the composite was examined using batch equilibrium experiments conducted at room temperature. The initial and equilibrium concentrations of metals in the aqueous solutions were analyzed by atomic adsorption spectroscopy (AAS) as described earlier. Standard metal solutions procured from Merck (Darmstadt, Germany) was used to calibrate the spectrometer.
Effect of adsorbent dose
The dose of the composite was optimized by adding different masses of the material (0.01, 0.025, 0.05, 0.1, and 0.2 g) to 50 mL of 25 mg L -1 metal solution in polypropylene bottle. The mixture was equilibrated for 24 h based on a preliminary experiment in an agitating shaker. The metal solution pH was adjusted to pH = 6 for Cu and Cd, pH = 7 for Zn, and pH = 8 for Ni with 0.01 M HCl or NaOH. The supernatant was obtained by filtration using Whatman No.42 filter paper at the end of the equilibration time.
Effect of pH
The effect of pH on metal adsorption was studied by shaking 0.1 g composite with 50 mL of 25 mg L -1 metal solutions adjusted at different pH values (1, 2, 3, 4, 5, 6, 7 and 8) for 24 h in polypropylene bottles.
Adsorption isotherm
Adsorption isotherms were obtained by shaking 50 mL of metal solutions of varying initial concentrations (0 to 100 mg L -1 ) with 0.1 g of composite for 24 h on an end-to-end shaker at room temperature. Clear filtrate was obtained after the equilibration time by filtering through Whatman No. 42 filter paper. Similar procedure was followed to obtain the metal adsorption capacity of unamended (1 g soil) and amended soils (1 g soil ? 0.1 g composite) with varying metal concentrations. A control (soil without added metal but only deionized water) was used, and the metal extracted in the control sample was deducted from the others for calculating the final concentration to get adsorption isotherms (Forjan et al. 2016) .
The metal adsorption capacity (q), the amount of ions adsorbed per unit mass of composite (mg g -1 ) was determined by Eq. 1:
where, q e is the amount of metal ions adsorbed onto unit amount of the adsorbent (mg g -1 ), C i and C e are the initial and equilibrium concentrations of metal in solution (mg L -1 ), V is the volume of solution (L) and m is the mass of the adsorbent (g), respectively.
The metal removal efficiency, R, (%) of the chitosan-bentonite composite was calculated by Eq. 2:
The distribution coefficient for adsorption was calculated using Eq. 3:
To study the effect of biopolymer-bentonite composite addition on heavy metal adsorption by soils, a procedure (Xiong et al. 2005; Tsadilas et al. 2009; Uchimiya et al. 2011; Li et al. 2016; Bogusz et al. 2017 ) similar to the aqueous system was followed. To 1 g soil, 0.05 g chitosan-bentonite composite was added, and the mixture was incubated for a fortnight at room temperature (25°C). Following incubation, 1 g of amended soil was added to 30 mL of metal solutions (0.05 M CaCl 2 as the background electrolyte) with varying concentrations (5-50 mg L -1 ), shaken for 24 h, and centrifuged at 8000 rpm for 15 min. After centrifugation, 15 mL of the supernatant was withdrawn and replaced with 15 mL of desorbing agents (0.05 M Ca(NO 3 ) 2 , 0.05 M ethylenediaminetetraacetic acid or 0.05 M diethylenetriaminepentaacetic acid) to elucidate the desorption pattern. A similar procedure was followed for an unamended soil without addition of the composite.
Statistical analysis
The isotherm data of metal adsorption were fitted to the Langmuir and Freundlich models by nonlinear regression using least square method. The correlation coefficients (R 2 ) obtained from the regression analyses were used to evaluate the applicability of the isotherm equations.
Results and discussion
Characterization of chitosan grafted acrylic acid bentonite composite (chit-AA-bent) Cation retention capacity is an important property of an adsorbent which determines its contaminant adsorption capacity. The cation retention capacity of chit-AA-bent composite was 95.5 cmol (p ? ) kg
higher than that of bentonite (83.3 cmol (p ? ) kg -1 ). The XRD pattern (Fig. 1a ) of bentonite showed a strong reflection at 2h = 6.8°which corresponded to a basal spacing of 12.2 Å . This characteristic reflection corresponded to montmorillonite which is the predominant clay mineral (85%) in the bentonite clay. The XRD pattern shows the dominance of montmorillonite (2h = 10.4°, 12.6°, 19.4°) and impurities such as Quartz (2h = 26.3°, 29.4°) (JCPDS card No. 13-0135). The intensity of the primary reflection of montmorillonite was reduced significantly following preparation of the chit-AA-bent composite (Fig. 1b) . The shape of the typical montmorillonite reflection got flattened in case of the composite as against a sharp reflection in pristine bentonite, and the peak position was slightly shifted to the left (2h = 5.9°and d = 14.9 Å ) in the composite compared to the bentonite (2h = 6.8°) (Fig. 1b) . The XRD patterns thus indicated that intercalation of the polymer into the stacked silicate galleries of bentonite (montmorillonite) led to an exfoliation of the clay mineral in the polymer matrix to form a composite structure (Sarkar 2009; ElSherif and El-Masry 2011; Liu et al. 2015) . Many studies indicate the disappearance of characteristic montmorillonite peak and appearance of other peaks in the composites (Yadav and Rhee 2012; Ma et al. 2012) .
To obtain further evidence on clay exfoliation and composite formation, FTIR spectra of raw bentonite, chitosan and chit-AA-bent composite were recorded in the region of 4000-600 cm -1 (Fig. 2) . Disappearance of characteristic absorption bands of amide I (1653 cm -1 ) and N-H (1596 cm -1 ) in the spectrum of the composite confirmed that these reactive functional groups (-NH 2 and -NHCO) in chitosan took part in the graft reaction with acrylic acid (Sarkar 2009; Xie and Wang 2009; Abdel et al. 2012 ). The absorption bands at 1558 and 1414 cm -1 in the spectrum of the composite were arisen from acrylic acid, and could be assigned to asymmetric and symmetric -COO -stretching vibrations, respectively (Bulut and Karaer 2014; Rafiei et al. 2016 ). The characteristic bands in the spectrum of Nabentonite at 3697 and 1637 cm -1 (stretching and bending vibrations of -OH) also disappeared in the spectrum of the composite. The polymerization reaction between chitosan, AA and bentonite in the composite was confirmed by the disappearance of Si-O stretching vibration at 1032 cm -1 , and appearance of a new band at 1022 cm -1 . Overall, FTIR spectra of the materials indicated that Na-bentonite Fig. 1 Randomly oriented XRD pattern of a bentonite, and b chitosan grafted bentonite composite participated in the grafting copolymerization reaction through its active Si-OH groups (Paluszkiewicz et al. 2011; Luo et al. 2015) .
The scanning electron micrograph of the composite (Fig. 3) revealed a more extensive unfolded 3D network of the material, which could be attributed to the cross-linking reaction leading to the formation of closely packed chain rearrangement of polymer and clay particles (Abdel et al. 2012; Hafida et al. 2014 ). The SEM image of the composite verified that the material contained a porous structure (Lewandowska et al. 2014; Costa et al. 2016 ).
Adsorption of heavy metals
Effect of adsorbent dose
Results indicated that percentage removal of metals increased from 60 to 95, 35 to 95, 20 to 85 and 30 to 70% in case of Cu(II), Zn(II), Cd(II) and Ni(II), respectively, with the increasing adsorbent doses (Fig. 4a ). An increase in the effective surface area and exchangeable sites for metal ions with increasing dose of the adsorbent resulted in higher percentage of metal removal. Contrarily, as the composite dose increased, the metal adsorption capacity decreased (Fig. 4b) . In this case, the concentration of metal ions became a limiting factor to cover the available exchangeable sites leading to a large number of unoccupied sites. Reduced efficiency of metal adsorption by the composite at higher dose might also arise from the decreased total surface area and increased diffusional path due to aggregation of composite particles (Ngah et al. 2013; Wang et al. 2014; Tsai et al. 2016a, b) .
Effect of pH
The speciation and distribution of metal ions, degree of ionization of the composite and the counter ion concentration can be influenced by the solution pH, and thereby it can control the adsorption process. Depending on the pH, the active sites (OH, COOH, NH 2 ) on chit-AA-bent composite could either be Fig. 2 FTIR spectra of chitosan, bentonite, and chitosan grafted bentonite composite Fig. 3 Scanning electron microscopy images of a bentonite, and b chitosan grafted bentonite composite protonated or deprotonated. Adsorption of metals at equilibrium was low at acidic pH, and it increased with increasing pH of the solution up to a critical pH level (Fig. 5) . Results indicated that Cu(II) and Cd(II) were adsorbed at maximum levels onto the composite at pH 6, whereas maximum Zn(II) and Ni(II) adsorption occurred at pH 7 and 8, respectively. Increased levels of H ? and hydronium (H 3 O ? ) ions at lower pH values would decrease metal adsorption by the composite due to a competition among cations for the adsorption sites (Rusmin et al. 2016 ). The repulsive electrostatic force induced towards the approaching cations by the positively charged surface arisen from the protonated amino groups (-NH 3 ? ) of the composite at acidic pH would thus result in a reduced metal uptake (Grisdanurak et al. 2012; Zhang et al. 2016; Duan et al. 2016 ). The following reaction (Eq. 4) shows the influence of pH on metal adsorption by the chit-AA-bent composite: 
On the other hand, development of negative charges at higher pH by deprotonation of surface functional groups attracted the metal cations by electrostatic interaction. The smothering of the inhibitory effect of H ? ions also resulted in enhanced metal adsorption. However, precipitation of metals as metal hydroxides above the critical pH value ([ 6 for Cu and Cd) resulted in a decreased adsorption. The mechanism of metal adsorption by an adsorbent with functional groups at different pH can be represented by Eq. 5.
The amino group of the composite might react with hydrogen ions (H ? ) as in Eq. 6:
Adsorption isotherms
The Langmuir isotherm (Eq. 8) describes the adsorption onto a homogenous surface.
where, q e is the equilibrium adsorption capacity (mg g -1 ), C e is the equilibrium concentration of metal (mg L -1 ), q m is the maximum amount of metal adsorbed per unit weight of the composite, K L is the Langmuir constant (L mg -1 ) is measure of energy of adsorption. q m and K L are obtained from the slope and intercept of linear plot of C e /q e against C e . A dimensionless constant (known as separation factor or equilibrium factor; R L ) (Foo and Hameed 2010; Wang et al. 2014 ) calculated from the Langmuir constants (Eq. 9) can be used to predict whether the adsorption process is unfavorable (
The Freundlich isotherm is an empirical equation (Eq. 10) which describes the heterogeneous surface adsorption.
where, q e is the amount of metal ion adsorbed (mg g -1 ) onto the composite. The Freundlich parameters K f and n represent the adsorption capacity and intensity, respectively. Slope and intercept of the linear plots of log q e versus log C e (log q e = log K f ? 1/n log C e ) gives K f and n. The favorability of the adsorption process is indicated by the Freundlich constant n value; values \ 1 for poor adsorption, 1-2 for moderately good, and 2-10 represent the beneficial adsorption (Foo and Hameed 2010; Sarkar et al. 2012 ).
Langmuir isotherm model fitted well with the adsorption data for the studied metals with R 2 values C 0.98 (Table 2 ). This suggested the occurrence of monolayer adsorption on an energetically uniform surface (Pereira et al. 2013; Moussout et al. 2016) . The Langmuir maximum monolayer adsorption capacity (q m ) of the composite were in the following order: Cu: 88.49, Zn: 72.99, Cd: 51.55 and Ni: 48.54 mg g -1 . The adsorption capacity of the composite was higher than that of the raw bentonite (Cu:13.95, Zn:11.41, Cd:9.41, Ni:13.95 mg g -1 ) (Kumararaja et al. 2014; Kumararaja and Manjaiah 2015) . The sequence of metal adsorption by the composite is in agreement with previous results (Ngah et al. 2013; Kamari et al. 2011a, b) . The intrinsic nature of metal ions has an important influence on their adsorption performance. High electronegativity, high softness (Usman 2008; Jalali and Moradi 2013; Tsai et al. 2016a, b) . Chit-AA-Bent metal sorption capacity is compared with previously reported chitosan-based adsorbents (Supplementary). The R L values (Table 3 ) varied between 0.60 to 0.04 for Zn, 0.69 to 0.05 for Cu, 0.88 to 0.13 for Cd and 0.85 to 0.12 for Ni. The R L values at metal concentrations of 5-50 mg L -1 were in the range of 0 \ R L \ 1, which indicated that the adsorption of Zn, Cu, Ni and Cd ions onto the composite was favorable. It implied that the composite was an efficient adsorbent for the removal of Cu(II), Zn(II), Cd(II) and Ni(II) (Futalan et al. 2011; Saravanan et al. 2011; Azzam et al. 2016) .
The Freundlich parameters along with the correlation coefficients are given in Table 2 . Copper (II) had the highest K f and n values over Zn(II), Cd(II) and Ni(II). Higher n value for Cu (II) indicated that the functional groups of the composite had greater affinity towards it, and the larger K f values could be ascribed to the strong binding of Cu(II) by the composite. The n values for the studied metals lie between 1 and 10 indicating beneficial adsorption of metals by the chit-AA-bent composite. The order of n for the metals was Cu(II) [ Zn(II) [ Cd(II) [ Ni(II) corresponding to the adsorbability or adsorption affinity sequence, which was also in agreement with the adsorption data. Isotherms with n [ 1 are classified as L-type isotherms reflecting high affinity between adsorbate and adsorbent, which is indicative of chemisorption (Duan et al. 2016 ). Higher n values indicated that the adsorption sites were more of heterogeneous in nature El-Dib et al. 2016; Moussout et al. 2016 ).
Distribution coefficients
The K d values over the studied initial metal concentrations are shown in Fig. 6 . The K d values indicate a preference of the adsorbent towards the adsorbate (metal ions), the higher is the K d value, greater is the adsorbent-adsorbate affinity. The K d values were found to be the highest for Cu(II) followed by Zn(II), Cd(II), and the least for Ni(II). Cu and Zn were adsorbed strongly, whereas Cd and Ni showed a weaker affinity. As the nature of adsorption sites changes with the metal concentrations, the K d values also decrease at higher metal concentrations. Sites with strong binding energies exhibit high selectivity towards the metals at a lower concentration. As the metal concentration increases, the K d values decreases due to specific sites are continuously occupied by the metals resulting in non-specific adsorption (Gomes et al. 2001; Shaheen et al. 2013; Sastre et al. 2006; Souza Braz et al. 2013 ).
Desorption of metals
Desorption study was conducted with three different desorbing agents, namely calcium nitrate [Ca(NO 3 ) 2 ], EDTA and DTPA at 0.05 M concentrations. Among the desorbing agents, the electrolyte, Ca(NO 3 ) 2 , was found to be ineffective in removing the adsorbed metals from the composite (Fig. 7) . Contrarily, owing to their metal chelating functional groups, the organic desorbing agents were able to remove up to 90% of the adsorbed metals. Hence, either EDTA or DTPA could be utilized for regenerating the composite when applied for water purification (Ngah et al. 2013; Pereira et al. 2013; Davari et al. 2015; Luo et al. 2015) . On the other hand, a lower desorption of adsorbed metals from the composite in the presence of Ca(NO 3 ) 2 makes the material suitable for immobilizing metals in contaminated soils where an environmental electrolyte concentration always exists.
Metal immobilization in soils
The contaminated soil used for the adsorption study was alkaline in reaction (pH in 1:2 soil: water = 8.65), sandy clay loam in texture, with oxidizable organic carbon content of 4.43 mg kg -1 (Table 1 ). The Langmuir parameters and correlation coefficients of metal adsorption (Zn, Cu, Ni and Cd) by contaminated soil in the absence and presence of chit-AA-bent are shown in Table 4 . The Langmuir model described the adsorption data better than Freundlich model for all the metals in case of the unamended contaminated soil. Langmuir maximum monolayer adsorption capacity of the contaminated soil (unamended) was 0.85, 0.94, 0.45 and 0.42 mg g -1 for Zn(II), Cu(II), Cd(II) and Ni(II), respectively, and the affinity of metals was in the order Cu(II) [ Zn(II) [ Ni(II) [ Cd(II). Application of the chit-AA-bent composite increased the monolayer maximum adsorption capacity of the contaminated soil by 3.4, 3.2, 4.9 and 5.6 times for Zn, Cu, Ni and Cd, respectively. The maximum adsorption capacity of contaminated soil for the studied metals increased in the presence of the composite due to the increased adsorption sites available for the metals on the composite surfaces. The relative increase of Cd and Ni adsorption was higher than that of Cu. The effect of the chit-AA-bent composite treatment increased the adsorption capacity of weakly adsorbing heavy metals such as Ni, Cd and Zn compared to the strongly adsorbing metal such as Cu. This might be due to the inherent high adsorption capacity of the contaminated soil for Cu because of the higher organic matter content with the different chelating functional groups (Ye et al. 2013; Rinklebe and Shaheen 2015) . The large difference in q m value between water and soil is due to the lower metal adsorption capacity of soil (0.85, 0.94, 0.45 and 0.42 mg g -1 ) for Zn(II), Cu(II), Cd(II) and Ni(II), Fernández-Pazos et al. (2013) reported that the Cr adsorption capacity of mussel shell was 121,878 mg kg -1 , but the same in soil amended with mussel shell was only 677 mg kg -1 . The Langmuir parameter K L represents the binding energy coefficient which corresponds to adsorbate concentration at which the amount of metal bound to the adsorbent is equal to q m /2 (Sastre et al. 2006 ). The K L values for the contaminated soil were 1.09, 0.24, 0.16 and 0.10 for Cu, Zn, Ni and Cd, respectively, indicating a significantly stronger affinity of the soil for Cu than other metals. The Freundlich model described the adsorption data better for the contaminated soils that were amended with the chit-AA-bent composite (Table 4) . The K f and N values were 15.53, 15.11, 12.16, 10.81 , and 3.09, 2.17, 2.04, 1.59, respectively, for Cu, Zn, Cd and Ni. The N values for all the metals studied was greater than 1, reflecting a favorable adsorption (Kamari et al. 2011a; 2011b; Ming et al. 2016 ).
The term 'adsorption intensity' is the ratio of the quantity adsorbed in the solid phase to the initial solution quantity of the adsorbate. The adsorption intensities of metals on the composite-amended or unamended soils (Table 5) showed a decreasing trend with the increasing initial metal concentrations. At a lower initial metal loading, there was insignificant difference in adsorption intensities between the amended and unamended soils. It was because of the sufficient unoccupied adsorption sites available for metals. But at a higher initial metal loading, a higher concentration of metals remained in the solution in the unamended soils that resulted in a lower adsorption intensity. Composite addition to the soil increased the adsorption sites that resulted in more amount of metals in the solid phase leading to a higher adsorption intensity than that of the untreated soil. Among the metals studied, Cu maintained a higher adsorption intensity due to higher affinity for adsorption sites than that of Zn, Cd and Ni in the treated and untreated soils (Shaheen et al. 2013; Srinivasarao et al. 2014; Shaheen et al. 2015a, b; Kang et al. 2016) .
Desorption rate can be used to characterize the degree of metal binding to the adsorbent. Higher the percentage of desorption, the weak the binding. The desorption of all the metals were decreased in the presence of the chit-AA-bent composite from the contaminated soil compared to the unamended soil (Fig. 8) . The desorption percentage was higher at a higher metal loading for all the studied metals both in the presence and absence of the composite. Desorption percentages at all initial metal concentrations were lower for the strongly adsorbed metal Cu (0.02% at 5 ppm to 0.27% at 50 ppm) than that of Zn (0.07% at 5 ppm to 3.03% at 50 ppm), Cd (0.2% at 5 ppm to 6.41% at 50 ppm), Ni (0.62% at 5 ppm to 5.58% at 50 ppm) in the amended soil. The percentage desorption sequence followed the same trend as in the unamended soil, and the percentage desorption was 4.26% at 5 ppm to 16.9% at 50 ppm, 6.66% at 5 ppm to 26.8% at 50 ppm, 10.5% at 5 ppm to 31.12% at 50 ppm and 10.6% at 5 ppm to 37.3% at 50 ppm for Cu, Zn, Cd and Ni, respectively. Lowered desorption of metals in the composite amended soil might be due to the strong binding of metals by the chelating functional groups of the composite. The lower percentage of desorption of Cu might be because of the formation of multinuclear complexes with the composite. Increased desorption at higher loading might be due to adsorption at edges of the composite Arabyarmohammadi et al. 2018) . For the studied metals, the desorption sequence followed their relative stability of the ligand complexes.
Conclusions
XRD and SEM analyses confirmed that the layers of montmorillonite in bentonite were mostly exfoliated and dispersed in the organic matrix to form a porous composite structure of chit-AA-bent. Similarly, the FTIR spectra confirmed the participation of montmorillonite particles in the grafting copolymerization reaction through its active Si-OH groups to form the biopolymer composite of desired properties. The Cu, Zn, Cd and Ni adsorption capacities of the chit-AAbent composite were higher than that of the pristine bentonite. Amongst the adsorption isotherms, Langmuir equation fitted well, and the study demonstrated the usefulness of biopolymer composite in removing metals from aqueous solutions by adsorption mechanism, i.e., through chelating interaction between functional groups of composite and metals. The Freundlich adsorption model was fitted well to the adsorption data of the composite-amended metal contaminated soil. The biopolymer composite enhanced the adsorption intensity of metals in the contaminated soil and lowered desorption of metals. Thus, the composite material could be used as a potential immobilizing agent for remediating heavy metals in contaminated soils. 
